The crystal and molecular structure of the title compound has been determined by X-ray diffraction. The compound crystallizes in the rhombohedral space group R3 with a = b = c = 17.804(9)A, a = /3 = 7 = 116.48(2) ~ and Z = 6. The structure was solved by direct methods and a full-matrix least-squares refinement converged to a final R = 0.061 for 1922 unique reflections. The adamantyl moiety is statically disordered in the crystal structure, and adopts two conformations related by the rotation of approximately 60 ~ about the C(4)--C(9) bond. A hydrogen bond between N(7) 9 9 9 N(21) arranges molecules into hexamers stacked along the threefold axis and provides for empty hydrophobic channels bounded by the adamantyl groups.
Introduction
Dihydrofolate reductase [5,6,7,8-tetrahydrofolate: NADP+ oxidoreductase (EC 1.5.1.3); DHFR], an enzyme which reduces dihydrofolic to tetrahydrofolic acid, is a protein of central importance in biochemistry and medicinal chemistry (Blakley, 1969) . It is used as a target for several antibacterial and antineoplastic (antitumor) drugs. The antibacterial activity of these drugs is due to selective inhibition of the enzyme from species to species (Baccarani et al., 1982; Hitchings and Smith, 1980) . Unfortunately, the molecular mechanism of selective inhibition is not yet known, despite extensive efforts.
The findings that diamino-s-triazines interfere with folic acid metabolism stimulated research on the anti-folate activity of this class of compounds, which have shown promise in cancer chemotherapy (Modest et al., 1952) . A conclusion drawn from these studies is that for several antifolates the extent of their uptake, their growth inhibitory potency on tumor cells, as well as their affinity to DHFR correlates with lipophilicity (Greco and Hakala, 1980) .
In the course of our investigation on adamantane ring bearing compounds (Antoniadou-Vyzas and Foscolos, 1986; Garoufalias et al., 1988) we considered likely that this group attached on a triazine ring could make effective use of the enzyme hydrophobic cavity. In addition, the absence of any information on aminosubstituted analogs as antifolates, in contrast to the plethora of similar information on the diamino-derivafives, prompted us to attempt substitution on the 6-amino nitrogen of the triazine molecule. Therefore, possible DHFR inhibitors of the general types I and II (Scheme 1) have been synthesized as possible antitumor, antibacterial, and antifungal agents.
All compounds are currently being tested for DHFR-binding affinity and pharmacological properties (Tsitsa et al., in preparation) . In order to understand the observed variation in biological activity and compare structure and binding with other antifolate ligands, crys- 
Experimental
Crystals were obtained by evaporation from methanol as thick needles with the needle axis coincident with the space group 3-fold axis. Systematic absences for hkil: -h + k + l = 3n indicated the hexagonal system, transformed later to the rhombohedral system of R3 space group. The refined cell parameters were obtained by measurement of the angular parameters of 12 high angle reflections (40 _< 20 _ 60 ~ on a diffractometer and application of the least-squares method. were utilized. Hexagonal axes were chosen to determine the crystal orientation matrix. Three standard reflections monitored every 100 reflections showed only random variations within 5 %. A total of 3023 unique reflections were recorded (3 -< 20 _< 132 ~ of which 1922 were considered observed using Fo >_ 3a (Fo) discrimination. The intensities were corrected for Lorentz and polarization factors. An empirical phi absorption correction was also applied; transmission factor range was 0.88 to 0.99. The cell was then transformed to the rhombohedral system to which all further discussion refers.
The molecular structure was determined by direct methods using SHELXS-86 (Sheldrick, 1985) . The E-map with the best figure of merit displayed the triazine and piperazine rings structure, but the adamantyl moiety was disordered. We could interpret the disorder in terms of two distinctly different positions rotated with respect to one another by about 60 ~ . Refinement was carried out by assigning two half-weighted positions each to the three adamantyl carbon atoms attached to C9 and full weighted positions to the other six carbon atoms. Difference maps revealed the positions of all the hydrogen atoms except for those of the adamantyl moiety. Further refinement and difference electron density calculations provided an averaged adamantyl entity with a flattened six-membered bottom ring, and clearly showed some of the adamantyl hydrogen atoms as well. The discrepancy factor for this solution converged at R = 6.2 %.
Because the static disorder of the adamantyl moiety was limited to only two positions related by the rotation of approximately 60 ~ about the C(4)--C(9) bond, it was decided at this point to resolve the averaged structure into two adamantyl moieties using the idealized adamantane molecule, hydrogen atoms included (Donohue and Goodman, 1967) in two distinct conformations. Site occupancy factors for all the atoms of the two adamantyl moieties were fixed at 0.5, except for C9 which has occupancy 1.0. At first a rigid body refinement of the two adamantyl moieties was performed and the R factor at this stage converged at R = 7%. In the next step, restrictions on all atoms of the molecule were relaxed and the structure was subjected to eight cycles of fullmatrix refinement, during which the positional parameters of all the atoms including hydrogens were allowed to vary subject to a damping factor of 0.5. The S.O.F. for all the atoms of the two adamantyl moieties were fixed at 0.5. Anisotropic temperature factors for all atoms other than hydrogen were used and allowed to vary, with isotropic temperature factors for H atoms kept constant at U = 0.07 ~2.
The final R-factor converged at 6.1%. The geometry of the two adamantyl moieties, considering the disorder, is reasonable and that of the rest of the molecule is very good, including hydrogens. In this particular case it was very important to start the refinement process from a geometrically idealized adamantyl structure because otherwise the geometry rapidly deteriorates (Donohue and Goodman, 1967) . SHELX-76 (Sheldrick, 1976) was used for all refinement calculations, and unit weights were employed. Varying the occupancy parameters for the two adamantyl positions did not lead to an improvement of the R-factor.
Discussion
Positional and isotropic thermal parameters of nonhydrogen atoms are listed in Table 1 , anisotropic thermal parameters in Table 2 , positional parameters for hydrogen atoms in Table 3 , and bond lengths and angles in Table 4 . A perspective view of the molecule showing the atomic numbering scheme used is given in Fig. 1 . A stereoview of the structure, including the hydrogen atoms is presented in Fig. 2 .
The orientations of the adamantyl moiety relative to the triazine ring may be described by the torsion angles N3--C4--C9--C 11A (21 ~ and N3--C4--C9--C10B (-155~ Similar orientations have been observed individually in crystal structures of related members of the series (Tsitsa et al., in preparation). Conformational analysis, utilizing semi-empirical INDO energy calculations, showed that rotation of the adamantyl group about the C4--C9 bond does not significantly affect the total molecular energy; thus the observed conformations presumably are stabilized through hydrophobic intermolecular interactions. Table 2 . Anisotropic thermal parameters ( x 10 ~)
Atom
421 (7) 416 (7) 454 (7) 363 (5) 365 (5) 347 (5) C2 428 (8) 403 (7) 369 (7) 325 (6) 336 (6) 337 (6) N3 396 (7) 385 (7) 407 (7) 321 (5) 314 (5) 312 (5) C4 368 (7) 340 (7) 335 (7) 265 (6) 260 (6) 291 (6) N5 401 (7) 394 (7) 464 (7) 359 (5) 338 (5) 503 (9) 854 (10) 751 (9) 626 (9) 521 (8) 560 (8) C14A 557 (10) 578 (9) 783 (10) 514 (9) 489 (9) 488 (8) C15A 497 (9) 401 (9) 667 (9) 451 (8) 427 (8) 360 (8) C16A 355 (9) 494 (9) 615 (9) 458 (8) 257 (9) 311 (8) C17A 220 (9) 326 (9) 561 (9) 359 (7) 211 (8) 143 (8) C18A 708 (9) 941 (9) 1086 (10) 906 (8) 731 (9) 733 (8) C10B 850 (9) 1106 (9) 1461 (10) 1138 (8) 1009 (8) 875(8) CllB 520 (9) 482 (9) 623 (9) 444 (8) 446 (8) 419 (7) C12B 710 (9) 655 (9) 414 (9) 372 (8) 348 (9) 562 (8) C13B 1290 (10) 1573 (9) 2538 (10) 1905 (9) 1658 (9) 1346 (8) C14B 620 (9) 1154 (10) 935 (10) 809 (9) 661 (8) 751 (9) C15B 518 (9) 513 (9) 714 (9) 479 (8) 470 (8) 454 (8) C16B 762 (10) 876 (9) 828 (10) 692 (9) 580 (9) N1  N1  C2  C2  N3  C4  C4  N5  C6  C6  N8  N8  C19  C20  N21  N21  C22  C10A  C10A  CI1A  CllA  C12A  C12A  C13A  C13A  C14A  C15A  C16A  C17A  C9  C9  C9   C6  C2  N7  N3  C4  N5  C9  C6  N1  N8  C19  C23  C20  N21  C24  C22  C23  C9  C13A  C15A  C9  C17A  C9  C14A  C18A  C15A  C16A  C17A  C18A  C4 the angle between normals to the plane of the triazine ring and the best plane through the six atoms of the piperazine ring is 11 ~ The crystal structure and molecular packing is illustrated in Fig. 3 . There is a hydrogen bond between the N(7) amino group and N(21) of the piperazine ring of another molecule; distances N(7)-'-N (21) and Fig. 2 . Stereodiagram of the molecular structure. H72...N(21) are 3.02 and 2.17 .& and the N(7)--H72 9 9 9 N(21) angle is 168 ~ The consequence of this intermolecular interaction in the rhombohedral space group is to arrange the molecules into hexamers.
The triazine/piperazine ring systems of six molecules form the edges of a cube with the adamantyl groups occupying (roughly) the center of each cube face. The hexamers are arranged in stacks along the crystallo-graphic three fold axes; this mode of hexamer stacking provides for hydrophobic channels, bounded by the adamantyl groups, running along the threefold axes. There are only van der Waals interactions between the hexamers.
